Although the huntingtin gene is expressed in brain throughout life, phenotypically Huntington's disease (HD) begins only in midlife and affects specific brain regions. Here, to investigate regional vulnerability in the disease, we used functional magnetic resonance imaging (fMRI) to translationally link studies in patients with a mouse model of disease. Using fMRI, we mapped cerebral blood volume (CBV) in three groups: HD patients, symptom-free carriers of the huntingtin genetic mutation, and age-matched controls. In contrast to a region in the anterior caudate, in which dysfunction was linked to genotype independent of phenotype, a region in the posterior body of the caudate was differentially associated with disease phenotype. Guided by these observations, we harvested regions from the anterior and posterior body of the caudate in postmortem control and HD human brain tissue. Gene-expression profiling identified two molecules whose expression levels were most strongly correlated with regional vulnerability -protein phosphatase 1 regulatory subunit 7 (PPP1R7) and Wnt inhibitory factor-1 (WIF-1). To verify and potentially extend these findings, we turned to the YAC128 (C57BL/6J) HD transgenic mice. By fMRI we longitudinally mapped CBV in transgenic and wildtype (WT) mice, and over time, abnormally low fMRI signal emerged selectively in the dorsal striatum. A relatively unaffected brain region, primary somatosensory cortex (S1), was used as a control. Both dorsal striatum and S1 were harvested from transgenic and WT mice and molecular analysis confirmed that PPP1R7 deficiency was strongly correlated with the phenotype. Together, converging findings in human HD patients and this HD mouse model suggest a functional pattern of caudate vulnerability and that variation in expression levels of herein identified molecules correlate with this pattern of vulnerability.
Introduction
Huntington's Disease (HD) is a progressive neurodegenerative process that typically presents with abnormal choreic movements indicative of caudate dysfunction, as well as cognitive and psychiatric symptoms (Reiner et al., 1988) . Linkage analysis identified disease-causing defects in a gene subsequently called huntingtin, characterized by an expanded number of CAG repeats (MacDonald, 1993) . Since then many studies have clarified the function of huntingtin, the clinical consequences of CAG repeat expansions, and in general have informed hypotheses about disease pathogenesis (Kumar et al., 2010) . Nevertheless, many questions remain and there is still no effective intervention for HD.
One outstanding question emerges from the observation that huntingtin is expressed early and diffusely throughout the brain, yet typically the disease is expressed in midlife and characterized by differential regional vulnerability. These observations suggest that genotype is necessary but insufficient to account for the disease's anatomical and temporal pattern of dysfunction. Available online on ScienceDirect (www.sciencedirect.com).
